Depending on the methodology of isolation, exfoliated epithelial cells are believed to be either in apoptosis o r i n a n o ï k i s . M o s t s t u d i e s a re u s i n g m i c ro s c o p i c e x a m i n a t i o n t o d e m o n s t r a t e t h e p re s e n c e o f t y p i c a l cells along with measurements on a limited number of b i o m a r k e r s . O n l y f e w s t u d i e s u s i n g p ro t e o m i c s o r transcriptomics are available and they open discussion about tissue references and normalization. The m a i n a d v a n t a g e o f m e a s u re s re a l i z e d o n e x f o l i a t e d epithelial cells is that they are strictly non-invasive a
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Exfoliation and the epithelium homeostasis
Exfoliation has been described as an active biochemical process linked to epithelial homeostasis. 3, 23, 24 It is believed that epithelial cells, losing contact with companion cells (such as fibroblasts) as well as the extracellular matrix, enter anoikis. 25 The detachment of epithelial cells triggers
Figure 1
Main parameters of exfoliation of epithelial cells. The flow chart summarizes the cellular status of epithelial cells recovered under mild stress (left panel) and under severe stress (right panel). As shown in the central panel, epithelial cell functional units are organized into four compartments (stem cells, proliferative, terminally differentiated, and senescent). The isolation of exfoliated cells depends on the techniques (manual or induced by some stress), the epithelium itself, state of health and species. A major difference in the autophagy/phagocytosis process of senescent cells has been found between rat or mouse exfoliated colonocytes which are lost in the lumen and human colonocytes which are rarely lost in the lumen but actively recycled by neighboring cells. 26 Quiescent epithelial cells can be isolated from a variety of body fluids (breast milk, urine, digestive fluids). They are believed to enter rapidly into anoikis after exfoliation. Anoikis is considered to be an autophagic state promoting epithelial cell survival some time after loss of contact with the extracellular matrix and cell neighbors. 11 Primary cultures can be derived from these cell populations, indicating that some phenotypes retain clonogenic potential. The molecular components of circadian clocks are detected in these cells as in any other somatic cells and could provide molecular data on the expression ratios between these proteins, provided sampling procedures are standardized. Further studies are needed to identify any differences in the rate of exfoliation according to the time of day and the season, as well as to differences in phenotypes. Circadian rhythmicity is known to depend on many individual parameters, such as sex 27 and adolescence, 28 as well as age at birth (full-term or preterm infants; Rivkees, 29 ). Senescent cells observed on the top of human colonic crypts have been found to be unreliable in studying clock components. 10 
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inducers of intectine, a protein involved in the exfoliation of apoptotic cells at the top of the villi of the small intestine within one hour after feeding. 23 These models that manipulate nutrition in order to induce exfoliation in the small intestine of mice 23 or the gastric mucosa of rats 24 indicate that the exfoliation mechanism is highly context-dependent but they also suggest that it would be possible to develop in vivo studies of anoikis and autophagy in relation to the functioning of peripheral circadian clocks.
Exfoliation by applying mechanical constraints
In its simplest form, exfoliation is a loss of cells In short, exfoliation is a broad term covering many different biological or experimental situations.
There is still no proof that the exfoliation of quiescent cells follows a circadian rhythm. This is probably because the set of physiological parameters leading to active exfoliation are difficult to handle and the interpretation of data obtained from manual exfoliation is also highly context-sensitive. The next section will illustrate that the methods used to recover exfoliated cells are of paramount importance.
both pro-and anti-apoptotic signals, such as nuclear factor kappa-B, and inhibits the apoptosis protein family members. These anti-apoptotic mechanisms presumably delay the onset of apoptosis and allow cells to survive. [33] [34] [35] The balance between these signals and the duration of detachment determine the subsequent fate of these cells. Anti-apoptotic signals presumably delay the onset of anoikis, allowing cells to survive, provided that they can reestablish extracellular matrix contact in time. 11 
Methods for studying exfoliated cells
A major difficulty with the use of exfoliated cells is finding a device or a method that allows for reliable and easy recovery of cell material. Moreover, for successful chronobiological studies, experimenters need to perform sampling with sufficient regularity over time and to take legal considerations into account. 49
Handling of samples and cell isolation
The best strategy is to avoid sample storage by performing cell isolation immediately on fresh samples. However, this is highly demanding in terms of time and manpower. It is common to store samples at -70°C (for a maximum of six months).
But, the gold standard is to use unfixed snap frozen exfoliated cells. 30 
DNA and associated histones of the regulatory transcription complex
Ways of monitoring exfoliation of host DNA have been designed for genomic studies on the total DNA of human breast epithelial cells 40 
Stability of chronobiological information in exfoliated epithelial cells
The chronobiological information that can be extracted from exfoliated epithelial cells depends on the techniques used to isolate cellular material or the manipulation of physiological parameters (Figure 1 Future studies could focus on the mTOR signaling pathway, which has been found to be down-regulated in detached epithelial cells 78 
